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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates generally to inte-
grated circuits, and in particular, to a circuit for and meth-
od of minimizing power consumption in an integrated cir-
cuit (IC) device.

BACKGROUND OF THE INVENTION

[0002] Programmable logic devices (PLDs) are a class
of integrated circuits which can be programmed by a user
toimplement user-defined logic functions. PLDs are often
used in electronic systems because, unlike custom hard-
wired logic circuits or application specific integrated cir-
cuits (ASICs), PLDs can be programmed in a relatively
short time and can be reprogrammed quickly to incorpo-
rate modifications to the implemented logic functions.
One major class of PLDs are referred to as programma-
blelogic array (PLA) devices or programmable array logic
(PAL) devices. Early PLDs include a group of AND gates
which logically ANDs two or more input signals to produce
product terms (P-terms), and a group of OR gates which
logically ORs two or more of the P-terms generated by
the AND gates. The AND gates are typically formed as
a matrix of programmable connections where each col-
umn connects to an input pin of the PLD, and each row
forms a P-term which is transmitted to the group of OR
gates. The OR gates may be programmable (i.e., each
P-term is programmably connectable to one of several
different OR gate outputs), in which case the PLD is re-
ferred to as a PLA device. Alternatively, the OR gates
may be fixed (i.e., each P-term is assigned to a particular
OR gate output), in which case the PLD is referred to as
a PAL device. The AND gates and OR gates of PLA and
PAL devices implement logic functions represented in
the sum-of-products form.

[0003] PLA and PAL devices were well-received by
logic designers when their implemented logic functions
were relatively small. While PLA and PAL circuits are
commonly used in PLDs, they may also be used in any
other type of integrated circuit, such as an application
specific integrated circuit (ASIC) which also has fixed
hardware. However, as logic functions have grown in-
creasingly larger and more complex, logic designers
were required to couple together two or more small PLDs
to provide sufficient logic capacity. Although this process
was tolerated during development and testing, it in-
creased the cost and size of production units. This gen-
erated a demand for PLDs with increasingly larger logic
capacity. To meet the ever-increasing demand for great-
er capacity, PLDs with increasingly complex architec-
tures have been developed. One popular complex PLD
type, known as complex programmable logic devices
(CPLDs), includes two or more function blocks connected
together and to input/output (I/O) modules by an inter-
connect matrix such that each of the function blocks se-
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lectively communicates with the 1/0 modules and with
other function blocks of the CPLD through the intercon-
nect matrix.

[0004] Another type of PLD is a field programmable
gate array (FPGA). In a typical FPGA, an array of con-
figurable logic blocks (CLBs) is coupled to programmable
input/output blocks (IOBs). The CLBs and IOBs are in-
terconnected by a hierarchy of programmable routing re-
sources. These CLBs, I0Bs, and programmable routing
resources are customized by loading a configuration bit-
stream, typically from off-chip memory, into configuration
memory cells of the FPGA. For both of these types of
programmable logic devices, the functionality of the de-
vice is controlled by configuration data bits of a configu-
ration bitstream provided to the device for that purpose.
[0005] Because CPLDs typically use sense amp tech-
nology and other circuits that draw current even when
static, conventional CPLDs may unnecessarily draw cur-
rent. To minimize the current, chip designers transfer in-
ternal EPROM bits to internal latches called "configura-
tion bits." After the bits transfer, the EPROM is powered
down. However, there is still current drawn by other cir-
cuits of the CPLD. Further, digital systems often combine
a myriad of chips including PLDs with different voltage
configurations. For example, designers must interface
2.5V processors with 3.3V memories, both RAM and
ROM, as well as 5V buses and multiple peripheral chips.
Therefore, a CPLD may require multiple internal voltag-
es.

[0006] Document DE 196 15 413 A1 discloses a plu-
rality of logic circuits being selectively powered down dur-
ing a stand-by mode.

[0007] Accordingly, there is a need for an improved
circuit for and method of minimizing power consumption
in an integrated circuit device.

SUMMARY OF THE INVENTION

[0008] The invention relates to a method of minimizing
power consumption in a device according to claim 1 and
to a circuit for minimizing power consumption in a device
according to claim 9.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1is ablock diagram of a circuit minimizing power
consumption in a device having programmable logic
according to an embodiment of the present inven-
tion;

Fig. 2is ablock diagram of a circuit minimizing power
consumption in a device having programmable logic
according to an example;

Fig. 3is ablock diagram of a circuit minimizing power
consumption in AND arrays of a plurality of function
blocks of a CPLD according to an embodiment of
the present invention;
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Fig. 4 is ablock diagram of a circuit minimizing power
consumption in macrocells of a plurality of function
blocks of a CPLD according to an embodiment of
the present invention;

Fig. 5is ablock diagram of a circuit minimizing power
consumption in input/output blocks coupled to a plu-
rality of function blocks of a CPLD according to an
embodiment of the present invention;

Fig. 6 is a block diagram of a circuit minimizing power
consumption in input/output blocks coupled to a plu-
rality of function blocks of a CPLD according to an
alternate embodiment of the present invention;

Fig. 7 is a block diagram of a field programmable
gate array;

Fig. 8 is a block diagram of configurable logic ele-
ment of the field programmable gate array of Fig. 7;
Fig. 9is ablock diagram of an enable circuit selecting
aninput in response to a power consumption enable
signal according to an embodiment of the present
invention;

Fig. 10is a block diagram of an enable circuit select-
ing an input in response to a power consumption
enable signal according to an alternate embodiment
of the present invention;

Fig. 11 is a block diagram of a circuit for selecting
an input signal at an input/output block;

Fig. 12 is a flow chart showing a method of minimiz-
ing power consumption in a device having program-
mable logic; and

Fig. 13 is a flow chart showing a method of minimiz-
ing power consumption in a device having program-
mable logic.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] TurningfirsttoFig. 1, ablockdiagram of a circuit
minimizing power consumption in a device having pro-
grammable logic according to an embodiment the
present invention is shown. Note that while examples
presented herein may use specific details, such as a
CPLD, to describe embodiments of the presentinvention,
the techniques and structures may be used in any inte-
grated circuit or application where the features may be
useful. In particular, the circuit of Fig. 1 includes a CPLD
having a plurality of input/output pads 102 coupled to a
global functions block 104, which may provide clock sig-
nals, output enables and set/reset signals to the remain-
ing portions of the CPLD and enable routing of data to
and from the internal circuits of the CPLD. The CPLD
further includes a plurality of function blocks, which in-
clude blocks of programmable logic, and a power control
circuit 110, which will be described in more detail below.
The function blocks are connected together and to in-
put/output blocks by a programmable interconnection ar-
ray 106. The programmable interconnection array in-
cludes many multiplexer circuits 112, each including sev-
eral programmable interconnect points (PIPs) 114. Typ-
ically, in each multiplexer circuit 112, only one PIP 114
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is enabled. The enabled PIP selects one of the many
input signals provided to the interconnection array, and
the selected input signal is provided as the output signal
from the multiplexer circuit 112. For example, a PIP may
be enabled by a bit in a configuration bitstream. PLDs
also have different "modes" depending on the operations
being performed on them. A specific protocol allows a
programmable logic device to enter into the appropriate
mode. Typical PLDs have internal blocks of configuration
memory which specify how each of the programmable
cells will emulate the user’s logic. During a "program”
mode, a configuration bitstream is provided to non-vola-
tile memory, such as a read-only memory (ROM) (e.g.,
a programmable ROM (PROM), an erasable PROM
(EPROM), or an electrically erasable PROM (EEPROM))
either external or internal to the programmable logic de-
vice. Each address is typically accessed by specifying
its row and column addresses. During system power up
of a "startup" mode, the configuration bits are succes-
sively loaded from the non-volatile memory into static
random access memory (SRAM) configuration latches
of a configuration logic block. Each of the function blocks
of the circuit of Fig. 1 may have a common configuration.
For example, a function block 116 includes configuration
memory 118, which may include volatile memory 120
and/or non-volatile memory 122, an AND array 124 and
macrocells 126 having programmable logic.

[0011] The AND array 124 and macrocells 126 each
include circuit blocks for performing logic functions, and
particularly enable a sum-of-product (SOP) from select-
ed outputs of the AND gates. As will be described in more
detail below, the AND array includes a set of input lines
for receiving input signals from the interconnect matrix,
and a set of product term (P-term) lines for transmitting
P-term signals to the macrocells. Each P-term line is con-
nected to the input lines using programmable connec-
tions which allow logic ANDing of two or more of the input
signals. Each macrocell includes an OR gate which is
programmable to receive one or more of the P-term sig-
nals transmitted on the P-term lines. The OR gate of each
macrocell produces a sum-of-products term which is ei-
ther transmitted to the I/O modules of the CPLD, fed back
through the interconnect matrix, or is transmitted on spe-
cial lines to an adjacent macrocell. The function block
116 is also coupled to an input/output block 128. The
input/output block 128 also includes a circuit block for
performing logic functions. Similarly, a function block 130
is coupled to an input/output block 132, a function block
134 is coupled to an input/output block 136, a function
block 138 is coupled to an input/output block 140, a func-
tion block 142 is coupled to an input/output block 144,
and a function block 146 is coupled to an input/output
block 148. Note that the example presented in Fig. 1 is
merely representative of one possible arrangement, and
in general other arrangements of function blocks, 1/0
modules, and other circuits may be used.

[0012] As shown in the circuit of Fig. 1, a given power
control signal minimizes power in a given function block
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and corresponding input/output block. For example, pow-
er control signal A (PC-A) is coupled to minimize power
consumptioninfunction block 116 and the corresponding
1/0O block 128. As will be described in more detail in ref-
erence to Figs. 3-6, the power control signal may control
specific portions of the AND array 124, the macrocells
126, and the input/output block 128. Similarly, power con-
trol signal B (PC-B) is coupled to minimize power con-
sumption in function block 138 and the corresponding
1/0O block 140. In contrast, as shown in the circuit of Fig.
2, a given power control signal may be coupled to control
a given type of circuit. For example, power control signal
Ais coupled to control the input/output circuits, while pow-
er control signal B is coupled to control macrocells of the
function blocks. While the power control signals as shown
in Fig. 2 are coupled to all of the common blocks, a first
power control signal may be coupled to a first subset of
common types of circuits, such as input/output blocks,
while a second power control signal may be coupled to
a second subset of common types of circuits. Although
a single operating voltage is shown applied to each func-
tion block of the circuits of Figs. 1 and 2, different oper-
ating voltages may be applied to different circuit blocks
within a function block and the 1/O block. For example, a
different operating voltage may be applied to each of an
I/O block, an AND array and a macrocell for a given func-
tion block.

[0013] Turning now to Fig. 3, a block diagram of a cir-
cuit minimizing power consumption in AND arrays of a
plurality of function blocks according to an embodiment
of the present invention is shown. As shown in Fig. 3, a
portion of an AND array includes product term buffers
302 and 304 coupled to a product term allocator 306 gen-
erating product term outputs 308. The circuits for mini-
mizing power consumption are shown in more detail with
respect to product term buffer 304.

[0014] In particular, a sense amplifier 310 is coupled
to receive the output of an AND gate 312. As will be de-
scribed in more detail in reference to Figs. 7 and 8, a
power control enable circuit 314 is coupled to receive the
outputs of a multiplexer circuit 112 which may be coupled
to inputs of the AND gate 312. The multiplexer 112 en-
ables either these outputs or ground signals to be input
to the AND gate 312. An AND gate 316 is also couple to
receive the power control signal A (PC-A) at a first input
and a control signal 317 at a second input. The control
signal 317 may be an enable signal which may establish
whether that particular AND gate is available to be con-
trolled by a power control signal. That is, power manage-
ment according to an embodiment of the present inven-
tion includes at least one enable bit which allows a spe-
cific circuit to selectively participate in the power-down
mode and a power control signal which triggers that pow-
er-down mode. InFig. 3, the enable bitis shown by control
signal 317 and the power control signal is signal PC-A.
By way of example, the control signal may be a memory
element storing a value to be input to the AND gate in-
cluding a bit downloaded as a part of a configuration bit-
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stream. In other examples, other sources, such as an
external source or driver, may provide the control signal.
The output of the AND gate 316 is coupled to an inverter
318 which controls a transistor 320 and a transistor 322.
In particular, transistor 320 is coupled between the gate
of atransistor 324 and ground. Assuming that the product
term buffer 304 is enabled to be controlled by the power
control signal by applying a logical "1" for control signal
317, when PC-A goes low (i.e., from a logical "1" to a
logical "0"), the transistor 322 is turned off, and the in-
verted output of AND gate 316 is coupled to the gate of
transistor 320. The inverted output of the AND gate 316,
which is a logical "1," turns on the transistor 320 to pull
the gate of the transistor 324 to ground, turning off the
transistor which is coupled between a resistor 326 and
a resistor 328 and isolating the voltage Vs from the
sense amplifier 310. That is, when signal PC-A is low,
the circuit effectively reduces power consumption in the
product term buffer 304 by preventing current flow in the
path from V¢, to the input of the sense amplifier and
generating a low output at the output of the AND gate
312. That s, in addition to eliminating the current through
resistors 326 and 328, the output of the AND gate 312
remains low by selecting the ground input to the power
control enable circuit 314. Note that while sense amplifier
310 s still powered by Vc_a, the power consumed in the
amplifier is only from normal transistor leakage currents,
which is negligible. Further, when control signal 317 is
set low, the product term buffer 304 operates only in a
power-down mode. By isolating the sense amplifier from
the power signal, the power consumption is minimized
in the AND gate, thereby reducing the overall power con-
sumption in the device.

[0015] Turning now to Fig. 4, a block diagram of a cir-
cuit minimizing power consumption in macrocells of a
plurality of function blocks according to an embodiment
of the present invention is shown. In particular, a macro-
cell 401 of the function block 116 includes an exclusive
OR (XOR) gate 402 coupled to receive product terms
308 output from the product term allocator 306. The out-
putofthe XOR gate 402 is coupled to an input of a register
404, the output of which is coupled to a multiplexer 406.
The multiplexer 406 is coupled to receive the output of
the XOR gate 402 or a registered version of the output
of the XOR gate 402. The enable of the register 404 is
also coupled to an AND gate 408 which receives a power
control signal PC-A at a first input and an enable control
signal 410. The output of the AND gate is coupled to an
input of another AND gate 412 which his also coupled to
receive a product term enable (PTE) signal. Assuming
that the product term enable is high and the enable con-
trol signal 410 is also high, the enable input to the register
404 is dependent upon the power control signal PC-A. A
multiplexer 414 is coupled to receive a global clock signal
(GLCK) and a global set/reset (GSR) signal. The output
of the multiplexer 414 is coupled to an input and an in-
verted input of the multiplexer 415, the output of which
is coupled to the clock input of the register 404 by way
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of a buffer 416. As can be seen, a plurality of power con-
trol signals are coupled to corresponding function blocks.
Disabling the register 404 by holding the enable low as
shown in the circuit of Fig. 4 also minimizes power con-
sumption in the programmable logic device. Turning now
to Fig. 5, a block diagram of a circuit minimizing power
consumption in input/output blocks coupled to a plurality
of function blocks according to an embodiment of the
presentinvention is shown. In particular, the input/output
block 128 includes an AND gate 502 coupled to receive
the output of a multiplexer 506 receiving a plurality of
global enable (GE) signals and a power control signal
PC-A. The AND gate 502 also receives a power control
enable signal 510. The output of the AND gate 502 is
coupled to a control terminal of a tri-state buffer 514 which
is coupled to receive data from a macrocell at its input
and coupled to an input/output terminal 516 of the device.
A second buffer 518 coupled to the switch matrix may
also be coupled to the output of the tri-state buffer 514.
By disabling the tri-state buffer 514, the circuit of Fig. 5
also minimizes power consumption in the programmable
logic device. Although a tri-state buffer is shown, other
types of output buffers or circuits may be employed in
the circuit of Fig. 5. For example, the circuit could decou-
ple the output data from the macrocell to the input of
some other type of output buffer. Input/output blocks 132,
138 and 142 also minimize power consumption to in-
put/output pins 520, 522 and 524, respectively.

[0016] Turning now to Fig. 6, a block diagram of a cir-
cuit minimizing power consumption in input/output blocks
coupled to a plurality of function blocks according to an
alternate embodiment of the present invention is shown.
In particular, data from the input/output terminal 516 is
coupled to an input selection circuit 601. As will be de-
scribed in more detail in reference to Fig. 11, the input
selection circuit 601 enables the selection of one of a
plurality of input buffers for different operating voltages
of the circuit. The output of the input selection circuit is
coupled to the power control enable circuit 314. An AND
gate 604 is coupled to receive a power control signal PC-
A and a power control enable signal 605. The output of
the AND gate 604 is coupled to a second AND gate 606
which his also coupled to receive an In-System Program-
ming (ISP) Control A signal. The ISP control signal ena-
bles coupling programming data received atan input/out-
put terminal. The output of the AND gate 606 is coupled
to the gate of a transistor 608 for coupling or decoupling
the power supply signal V_x to the power control circuit.
Accordingly, the power control enable signal will control
whether input data coupled to the input/output terminal
516 is coupled to other portions of the device, such as
an AND array.

[0017] Because a different power signal of the plurality
of power signals is coupled to different circuit blocks in
the circuits of Figs 3-6, controlling power in a given circuit
block according to the embodiment of Fig. 1 enables con-
trolling power in circuit blocks receiving one of a plurality
of different operating voltages Ve a-Veeop- That is, the
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power control signals may also be used to reduce power
consumption for circuits based upon the operating volt-
age coupled to the circuit. Although the circuits of Figs.
3-6 are shown minimizing power consumption in certain
circuits, power could also be minimized in other circuits
or a combination of the circuits according to the various
embodiments of the present invention. Similarly, al-
though the specific application of power control circuits
of Figs. 3-6 are based upon a power control signal being
applied to function blocks as shown in Fig. 1, the power
control signals could also be applied in Figs. 3-6 accord-
ing to the embodiment of Fig. 2, where a given power
control signal is applied to similar circuit blocks, such as
input/output blocks. While the circuits of Figs. 1-6 gen-
erally show CPLDs by way of example, the circuits for
minimizing power consumption could be employed in any
device.

[0018] Turning now to Fig. 7, a block diagram of a field
programmable gate array is shown. As noted above, ad-
vanced FPGAs may include several different types of
programmable logic blocks in the array. For example,
Fig. 7 illustrates an FPGA architecture that includes a
large number of different programmabile tiles including
circuits for performing logic functions. For example, the
programmable tiles may include programmable logic in-
cluding multi-gigabit transceivers (MGTs 701), configura-
ble logic blocks (CLBs 702), random access memory
blocks (BRAMs 703), input/output blocks (IOBs 704),
configuration and clocking logic (CONFIG/CLOCKS
705), digital signal processing blocks (DSPs 706), spe-
cialized input/output blocks (1/0 707) (e.g., configuration
ports and clock ports), and other programmable logic 708
such as digital clock managers, analog-to-digital convert-
ers, system monitoring logic, and so forth. Some FPGAs
also include dedicated processor blocks (PROC 710).
[0019] In some FPGAs, each programmable tile in-
cludes a programmable interconnect element (INT 711)
having standardized connections to and from a corre-
sponding interconnect element in each adjacent tile.
Therefore, the programmable interconnect elements tak-
en together implement the programmable interconnect
structure for the illustrated FPGA. The programmable in-
terconnect element (INT 711) also includes the connec-
tions to and from the programmable logic element within
the same tile, as shown by the examples included at the
top of Fig. 7.

[0020] For example, a CLB 702 may include a config-
urable logic element (CLE 712) that may be programmed
to implement user logic plus a single programmable in-
terconnect element (INT 711). ABRAM 703 may include
a BRAM logic element (BRL 713) in addition to one or
more programmable interconnect elements. Typically,
the number of interconnect elements included in a tile
depends on the height of the tile. In the pictured embod-
iment, a BRAM tile has the same height as four CLBs,
but other numbers (e.g., five) may also be used. A DSP
tile 706 may include a DSP logic element (DSPL 714) in
addition to an appropriate number of programmable in-
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terconnect elements. An IOB 704 may include, for exam-
ple, two instances of an input/output logic element (IOL
715) in addition to one instance of the programmable
interconnect element (INT 711). As will be clear to those
of skill in the art, the actual 1/0 pads connected, for ex-
ample, to the I/O logic element 715 typically are not con-
fined to the area of the input/output logic element 715.
[0021] In the pictured example, a columnar area near
the center of the die (shown shaded in Fig. 7) is used for
configuration, clock, and other control logic. Horizontal
areas 709 extending from this column are used to dis-
tribute the clocks and configuration signals across the
breadth of the FPGA.

[0022] Some FPGAs utilizing the architecture illustrat-
ed in Fig. 7 include additional logic blocks that disrupt
the regular columnar structure making up a large part of
the FPGA. The additional logic blocks may be program-
mable blocks and/or dedicated logic. For example, the
processorblock PROC 710 shownin Fig. 7 spans several
columns of CLBs and BRAMs.

[0023] Note that Fig. 7 is intended to illustrate only an
exemplary FPGA architecture. For example, the num-
bers of logic blocks in a column, the relative width of the
columns, the number and order of columns, the types of
logic blocks included in the columns, the relative sizes
of the logic blocks, and the interconnect/logic implemen-
tations included at the top of Fig. 7 are purely exemplary.
For example, in an actual FPGA more than one adjacent
column of CLBs is typically included wherever the CLBs
appear, to facilitate the efficient implementation of user
logic, but the number of adjacent CLB columns varies
with the overall size of the FPGA. As will be described in
more detail in reference to Fig. 8, power control signals
may also be employed in an FPGA to reduce power con-
sumption.

[0024] Turning now to Fig. 8, a block diagram of con-
figurable logic element of the field programmable gate
array of Fig. 7 is shown. In particular, Fig. 8 illustrates in
simplified form a configurable logic element of a config-
uration logic block 702 of Fig. 7 including circuits having
programmable logic. In the circuit of Fig. 8, slice M 801
includes four lookup tables (LUTMs) 801A-801 D, each
driven by six LUT data input terminals A1-A6, B1-B6, C1-
C6, and D1-D6 and each providing two LUT output sig-
nals 05 and 06. The 06 output terminals from LUTs 801A-
801 D drive slice output terminals A-D, respectively. The
LUT data input signals are supplied by the FPGA inter-
connect structure via input multiplexers, which may be
implemented by programmable interconnect element
711, and the LUT output signals are also supplied to the
interconnect structure. Slice M also includes: output se-
lect multiplexers 811A-811 D driving output terminals
AMUX-DMUX; multiplexers 812A-812D driving the data
input terminals of memory elements 802A-802D; combi-
national multiplexers 816, 818, and 819; bounce multi-
plexer circuits 822-723; a circuit represented by inverter
805 and multiplexer 806 (which together provide an op-
tional inversion on the input clock path); and carry logic
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including multiplexers 814A-814D, 815A-815D, 820-821
and exclusive OR gates 813A-813D. All of these ele-
ments are coupled together as shown in Fig. 8. Where
selectinputs are not shown for the multiplexers illustrated
in Fig. 8, the select inputs are controlled by configuration
memory cells. That is, configuration bits of the configu-
ration bitstream stored in the configuration memory cells
are coupled to the selectinputs of the multiplexer to select
the correct input to the multiplexer. These configuration
memory cells, which are well known, are omitted from
Fig. 8 for clarity, as well as from other selected figures
herein.

[0025] In the pictured embodiment, each memory ele-
ment 802A-802D may be programmed to function as a
synchronous or asynchronous flip-flop or latch. The se-
lection between synchronous and asynchronous func-
tionality is made for all four memory elements in a slice
by programming Sync/Asynch selection circuit 803.
When a memory element is programmed so that the S/R
(set/reset) input signal provides a set function, the REV
input terminal provides the reset function. When the
memory element is programmed so that the S/R input
signal provides a reset function, the REV input terminal
provides the set function. Memory elements 802A-802D
are clocked by a clock signal CK, which may be provided
by a global clock network or by the interconnect structure,
for example. Such programmable memory elements are
well known in the art of FPGA design. Each memory el-
ement 802A-802D provides a registered output signal
AQ-DQ to the interconnect structure. Because each LUT
801A-801D provides two output signals, 05 and 06, the
LUT may be configured to function as two 5-input LUTs
with five shared input signals (IN1-IN5), or as one 6-input
LUT having input signals IN1-IN6.

[0026] In the circuit of Fig. 8, each LUTM 801A-801 D
may function in any of several modes. When in lookup
table mode, each LUT has six data input signals IN1-IN6
that are supplied by the FPGA interconnect structure via
input multiplexers. One of 64 data values is programma-
bly selected from configuration memory cells based on
the values of signals IN1-IN6. When in RAM mode, each
LUT functions as a single 64-bit RAM or two 32-bit RAMs
with shared addressing. The RAM write data is supplied
to the 64-bit RAM via input terminal DI1 (via multiplexers
817A-817C for LUTs 801A-801C), or to the two 32-bit
RAMs via input terminals DI1 and DI2. RAM write oper-
ations in the LUT RAMs are controlled by clock signal
CK from multiplexer 806 and by write enable signal WEN
from multiplexer 807, which may selectively pass either
the clock enable signal CE or the write enable signal WE.
In shift register mode, each LUT functions as two 16-bit
shift registers, or with the two 16-bit shift registers cou-
pled in series to create a single 32-bit shift register. The
shift-in signals are provided via one or both of input ter-
minals DI1 and DI2. The 16-bit and 32-bit shift out signals
may be provided through the LUT output terminals, and
the 32-bit shift out signal may also be provided more di-
rectly via LUT output terminal MC31. The 32-bit shift out
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signal MC31 of LUT 801A may also be provided to the
general interconnect structure for shift register chaining,
via output select multiplexer 811 D and CLE output ter-
minal DMUX. The circuit of Fig. 8 also includes a circuit
for reducing power consumption in the configurable logic
element of the FPGA. In particular, a multiplexer 823 is
coupled to receive a clock enable (CE) signal at a first
input, and afixed voltage signal, such as Vpp ata second
input. An AND gate 826 is coupled to receive a power
control signal at one input and a power control enable
signal at another input. If either the power control signal
or the power control enable signal are low, the input to
the clock enable is held low, disabling the output registers
of the CLE. The circuits of Figs. 5 and 6 may also be
employed in the input/output blocks of the FPGA of Fig.
7. The devices having programmable logic and methods
of the present invention may be implemented according
to the FPGA device of Figs. 7 and 8, or in any device,
including any type of integrated circuit having program-
mable logic. Turning now to Fig. 9, a block diagram of an
enable circuit selecting an input in response to an enable
signal according to an embodiment of the present inven-
tion is shown. Every input/output terminal has an asso-
ciated enable signal, which may be stored in a memory
based upon a bit downloaded as part of a configuration
bitstream to the device. In particular, the power control
enable circuit 314 includes a multiplexer 902 coupled to
receive the output of an inverter 904 including a series
of transistors. A first p-channel transistor coupled to a
power signal of the inverter 904 is coupled to receive an
enable signal at its gate. A p-channel transistor 908 and
an n-channel transistor 910 are coupled to receive an
input signal at their gates, while an n-channel transistor
912 providing a path to ground is coupled to receive an
inverted enable signal. The multiplexer 902 is also cou-
pled to receive a ground signal at an input, and is con-
trolled by the enable signal. Accordingly, the enable sig-
nal will control whether the input signal or ground is
passed, as described above in Figs. 3 and 6. For exam-
ple, when PC-Ais low, transistors 906 and 912 are turned
on, and the input of the multiplexer is selected to receive
the output of the inverter 904. When PC-A is high, the
path through the inverteris disabled, and the ground input
to the multiplexer is selected. According to the alternate
embodiment of Fig. 10, the output of the inverter 904 is
coupled by way of a pass transistor 1002, controlled by
the enable signal, to a latch including cross-coupled in-
verters 1004 and 1006. In the embodiment of Fig. 10,
when PC-A is low, transistors 906 and 912 are turned on
to generate the output of the inverter 904. When PC-A
is high, the path through the inverter is disabled, and the
output is held by the latch including inverters 1004 and
1006.

[0027] Turning now to Fig. 11, a block diagram of a
circuitfor selecting an input signal at an input/output block
according to an example is shown. In particular, a multi-
plexer 1102 is coupled to receive inputs from a plurality
of input buffers. For example, a first input buffer 1104
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includes a comparator coupled to receive the input signal
and a reference voltage signal V. The first input buffer
may generate a reference voltage signal including, for
example, a 1.8 volt (V) signal. A second input buffer 1106
may include a high voltage input buffer generating a 3.3
V or 2.5 V signal, for example. A third input buffer 908
may include a low voltage input buffer generating a 1.8
V signal, for example. Finally, a Schmitt trigger circuit
1110 may be used to generate any range of voltages,
suchas 3.3V,2.8V,or1.5V, asis well known in the art.
The multiplexer is controlled by a control signal 1112
which may be controlled by a value stored in a memory
cell, for example, or some other control signal. A pul-
lup/bus hold circuit 1114 is also coupled to an input/output
pin 1116. Turning now to Fig. 12, a flow chart shows a
method of minimizing power consumption in a device ac-
cording to an example.

[0028] In particular, a plurality of circuit blocks having
circuits for performing logic functions, such as program-
mable logic circuit blocks in devices having programma-
blelogic, are provided ata step 1202, wherein each circuit
block consumes power in a static state. One of a plurality
of operating voltages is coupled to each circuit block of
the plurality of circuit blocks at a step 1204. The reduction
of power consumed by a first set of circuit blocks is en-
abled by way of a first power reduction signal at a step
1206. The reduction of power consumed by a second set
of circuit blocks is enabled by way of a second power
reduction signal at a step 1208. The reduction in power
consumed by the first and second set of circuit blocks
may be achieved by selectively disabling portions of the
circuits as described above with respect to Figs. 1-11.
[0029] Finally, turning to Fig. 13, a flow chart shows a
method of minimizing power consumption in a device ac-
cording to an example is shown.

[0030] In particular, a plurality of circuit blocks having
circuits for performing logic functions is provided at a step
1302, wherein each circuit block consumes power in a
static state. A plurality of power control signals is gener-
ated at a step 1304, wherein each power control signal
controls an operating voltage of the plurality of operating
voltages. A first operating voltage of a plurality of oper-
ating voltages is coupled to each circuit block of a first
set of circuit blocks at a step 1306. A second operating
voltage of the plurality of operating voltages is coupled
to each circuit block of a second set of circuit blocks at
astep 1306. Finally, at least a portion of each circuit block
of the second set of function blocks is disabled at a step
1310. The method of Fig. 13 may also employ any of the
circuits of Figs. 1-11 as described above, or using any
other suitable circuit.

[0031] Itcantherefore be appreciated thatthe new and
novel circuit for and method of minimizing the power con-
sumption in a device has been described. It will be ap-
preciated by those skilled in the art that numerous alter-
natives and equivalents will be seen to exist which incor-
porate the disclosed invention. As a result, the invention
is not to be limited by the foregoing embodiments, but
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only by the following claims.

Claims

A method of minimizing power consumption in a de-
vice, the method comprising:

providing a plurality of circuit blocks (116, 130)
having circuits for performing logic functions,
wherein each circuit block consumes power in
a static state;

coupling one of a plurality of operating voltages
(Vee-ar Vec.e) to each circuit block of the plu-
rality of circuit blocks (116, 130);

enabling a reduction of power consumed by a
first set of circuit blocks (116) in a power down
mode by way of a first power reduction signal
(PC-A) which triggers the power down mode and
first and second enable signals (316, 410, 510.
605), wherein a particular one of the first set of
circuit blocks is disabled if a corresponding one
of the first and second enable signals indicates
that the particular one of the first set of circuit
blocks is to selectively participate in the power
down mode, and the first power reduction signal
specifies that the first set of circuit blocks is to
be in the power down mode; and

enabling a reduction of power consumed by a
second set of circuit blocks (130) by way of a
second power reduction signal (PC-C) and third
and fourth enable signals (316, 410, 510. 605),
wherein a particular one of the second set of
circuit blocks is disabled if a corresponding one
of the third and fourth enable signals indicates
that the particular one of the second set of circuit
blocks is to selectively participate in the power
down mode, and the second power reduction
signal specifies that the second set of circuit
blocks is to be in the power down mode.

The method of claim 1 wherein enabling a reduction
of power consumed by afirst set of circuit blocks and
a second set of circuit blocks comprises enabling a
reduction of power consumed in the first set of circuit
blocks comprising circuit blocks having a first func-
tion and in the second set of circuit blocks comprising
circuit blocks having a second function.

The method of claim 1 wherein enabling a reduction
of power consumed by a first set of circuit blocks or
a second set of circuit blocks comprises enabling a
reduction of power consumed by a set of circuit
blocks each from the group consisting of an in-
put/output block, a product term buffer, and a portion
of a circuit having programmable logic.

The method of claim 1 wherein enabling a reduction

10

15

20

25

30

35

40

45

50

55

of power consumed by a first set of circuit blocks or
a second set of circuit blocks comprises disabling
AND arrays (124).

The method of claim 1 wherein enabling a reduction
of power consumed by a first set of circuit blocks or
a second set of circuit blocks comprises disabling an
output of macrocells (126).

The method of claim 1 wherein enabling a reduction
of power consumed by a first set of circuit blocks or
a second set of circuit blocks comprises disabling
input/output blocks (128).

The method of claim 1 wherein enabling a reduction
of power consumed by a first set of circuit blocks
comprises:

disabling another one of the first set of circuit
blocks if the second enable signal indicates that
the other one of the first set of circuit blocks is
to participate in the power down mode, and the
first power reduction signal specifies that the first
set of circuit blocks is to be in the power down
mode.

The method of claim 1 wherein enabling a reduction
of power consumed by a first set of circuit blocks
comprises

preventing current flow to an input of a sense ampli-
fier of the particular one of the first set of circuit
blocks, wherein the particular one of the first set of
circuit blocks is an AND array (124); or

disabling a register of the particular one of the first
set of circuit blocks, wherein the particular one of the
first set of circuit blocks is a macrocell (126).

A circuit for minimizing power consumption in a de-
vice, the circuit comprising:

a plurality of circuit blocks (116, 130) having cir-
cuits for performing logic functions, wherein
each circuit block consumes power in a static
state;

a plurality of operating voltages (Vcc.a, Vee-c),
each of the plurality of operating voltages cou-
pled to a corresponding one of the plurality of
circuit blocks;

a first set of circuit blocks (116), wherein a par-
ticular one of the first set of circuit blocks is dis-
abled if a corresponding one of a first enable
signal and a second enable signal (316, 410,
510.605) indicates that the particular one of the
first set of circuit blocks is to selectively partici-
pate in a power down mode, and a first power
reduction signal (PC-A) specifies that the first
set of circuit blocks is to be in the power down
mode, wherein the first power reduction signal
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triggers the power down mode; and

a second set of circuit blocks (130), wherein a
particular one of the second set of circuit blocks
is disabled if a corresponding one of a third en-
able signal and a fourth enable signal (316, 410,
510. 605) indicates that the particular one of the
second set of circuit blocks is to selectively par-
ticipate in the power down mode, and a second
power reduction signal (PC-C) specifies that the
second set of circuit blocks is to be in the power
down mode.

The circuit of claim 9 wherein the first set of circuit
blocks perform a first function and the second set of
circuit blocks perform a second function.

The circuit of claim 9 wherein the first set of circuit
blocks or the second set of circuit blocks are each
from the group consisting of an input/output block, a
product term buffer, and a portion of a circuit having
programmable logic.

The circuit of claim 9 wherein the particular one of
the first set of circuit blocks is an AND array (124),
and the AND array is disabled in order to reduce
power consumption.

The circuit of claim 9 wherein the particular one of
the first set of circuit blocks is a macrocell (126), and
the macrocell is disabled in order to reduce power
consumption.

The circuit of claim 9 wherein another one of the first
set of circuit blocks is disabled if the second enable
signal indicates that the other one of the first set of
circuit blocks is to participate in the power down
mode, and the first power reduction signal specifies
that the first set of circuit blocks is to be in the power
down mode.

The circuit of claim 9 wherein

the particular one of the first set of circuit blocks is
an AND array (124) that includes a sense amplifier,
and no current flow occurs to an input of the sense
amplier in order to disable the AND array and reduce
power consumption; or

the particular one of the first set of circuit blocks is a
macrocell (126) that includes a register that is disa-
bled in order to disable the macrocell and reduce
power consumption.

Patentanspriiche

1.

Verfahren zur Minimierung des Leistungsver-
brauchs in einer Vorrichtung, wobei das Verfahren
umfasst:
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Bereitstellen einer Mehrzahl von Schaltungsbl6-
cken (116, 130) mit Schaltungen zum Ausfiihren
von logischen Funktionen, wobei jeder Schal-
tungsblock Leistung in einem statischen Zu-
stand verbraucht;

Anlegen einer von einer Mehrzahl von Betriebs-
spannungen (Vg Vee.c) an jeden Schal-
tungsblock der Mehrzahl von Schaltungsblo-
cken (116, 130);

Aktivieren einer Reduktion von Leistung, die von
einem ersten Satz von Schaltungsbldcken (116)
verbraucht wird, in einem Abschaltmodus durch
ein erstes Leistungsreduktionssignal (PC-A),
das den Abschaltmodus ausl6st, und erste und
zweite Aktivierungssignale (316,410,510, 605),
wobei ein bestimmter des ersten Satzes von
Schaltungsblocken deaktiviert wird, wenn ein
entsprechendes der ersten und zweiten Aktivie-
rungssignale anzeigt, dass der bestimmte des
ersten Satzes von Schaltungsblécken selektiv
am Abschaltmodus teilnehmen soll, und das
erste Leistungsreduktionssignal spezifiziert,
dass der erste Satz von Schaltungsbldcken im
Abschaltmodus sein soll; und

Aktivieren einer Reduktion von Leistung, die von
einem zweiten Satz von Schaltungsblécken
(130) verbraucht wird, durch ein zweites Leis-
tungsreduktionssignal (PC-C) und dritte und
vierte Aktivierungssignale (316, 410, 510, 605),
wobei ein bestimmter des zweiten Satzes von
Schaltungsbldcken deaktiviert wird, wenn ein
entsprechendes der dritten und vierten Aktivie-
rungssignale anzeigt, dass der bestimmte des
zweiten Satzes von Schaltungsblécken selektiv
am Abschaltmodus teilnehmen soll, und das
zweite Leistungsreduktionssignal spezifiziert,
dass der zweite Satz von Schaltungsblécken im
Abschaltmodus sein soll.

Verfahren nach Anspruch 1, wobei das Aktivieren
einer Reduktion von Leistung, die von einem ersten
Satz von Schaltungsblécken und einem zweiten
Satzvon Schaltungsblécken verbraucht wird, ein Ak-
tivieren einer Reduktion von Leistung umfasst, die
im ersten Satz von Schaltungsblécken, der Schal-
tungsbldcke mit einer ersten Funktion umfasst, und
im zweiten Satz von Schaltungsblécken verbraucht
wird, der Schaltungsblécke mit einer zweiten Funk-
tion umfasst.

Verfahren nach Anspruch 1, wobei das Aktivieren
einer Reduktion von Leistung, die von einem ersten
Satz von Schaltungsblécken oder einem zweiten
Satzvon Schaltungsblécken verbraucht wird, ein Ak-
tivieren einer Reduktion von Leistung umfasst, die
von einem Satz von Schaltungsblécken verbraucht
wird, die jeweils aus der Gruppe bestehend aus ei-
nem Eingangs-/Ausgangsblock, einem Produkt-
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termpuffer und einem Teil einer Schaltung mit pro-
grammierbarer Logik sind.

Verfahren nach Anspruch 1, wobei das Aktivieren
einer Reduktion von Leistung, die von einem ersten
Satz von Schaltungsbldcken oder einem zweiten
Satz von Schaltungsblécken verbraucht wird, ein
Deaktivieren von UND-Matrizen (124) umfasst.

Verfahren nach Anspruch 1, wobei das Aktivieren
einer Reduktion von Leistung, die von einem ersten
Satz von Schaltungsblécken oder einem zweiten
Satz von Schaltungsblécken verbraucht wird, ein
Deaktivieren eines Ausgangs von Makrozellen (126)
umfasst.

Verfahren nach Anspruch 1, wobei das Aktivieren
einer Reduktion von Leistung, die von einem ersten
Satz von Schaltungsbldcken oder einem zweiten
Satz von Schaltungsblécken verbraucht wird, ein
Deaktivieren von Eingangs-/Ausgangsblécken
(128) umfasst.

Verfahren nach Anspruch 1, wobei das Aktivieren
einer Reduktion von Leistung, die von einem ersten
Satz von Schaltungsblécken verbraucht wird, um-
fasst:

Deaktivieren eines anderen des ersten Satzes
von Schaltungsblécken, wenn das zweite Akti-
vierungssignal anzeigt, dass der andere des
ersten Satzes von Schaltungsblécken am Ab-
schaltmodus teilnehmen soll, und das erste
Leistungsreduktionssignal spezifiziert, dass der
erste Satz von Schaltungsblécken im Abschalt-
modus sein soll.

Verfahren nach Anspruch 1, wobei das Aktivieren
einer Reduktion von Leistung, die von einem ersten
Satz von Schaltungsblécken verbraucht wird, um-
fasst:

Verhindern von Stromfluss zu einem Eingang
eines Leseverstarkers des bestimmten des ers-
ten Satzes von Schaltungsblécken, wobei der
bestimmte des ersten Satzes von Schaltungs-
blécken eine UND-Matrix (124) ist; oder

Deaktivieren eines Registers des bestimmten
des ersten Satzes von Schaltungsblécken, wo-
bei der bestimmte des ersten Satzes von Schal-
tungsblocken eine Makrozelle (126) ist.

9. Schaltung zum Minimieren des Leistungsver-

brauchs in einer Vorrichtung, wobei die Schaltung
umfasst:

eine Mehrzahl von Schaltungsblécken (116,
130) mit Schaltungen zum Ausfiihren von logi-
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10

10.

1.

12.

13.

14.

schen Funktionen, wobeijeder Schaltungsblock
Leistung in einem statischen Zustand ver-
braucht;

eine Mehrzahl von Betriebsspannungen (Ve a,
Vee.c), wobei jede der Mehrzahl von Betriebs-
spannungen an einen entsprechenden der
Mehrzahl von Schaltungsblécken angelegt ist;
einen ersten Satz von Schaltungsblécken (116),
wobei ein bestimmter des ersten Satzes von
Schaltungsbldocken deaktiviert wird, wenn ein
entsprechendes eines ersten Aktivierungssig-
nals und eines zweiten Aktivierungssignals
(316,410, 510, 605) anzeigt, dass der bestimm-
te des ersten Satzes von Schaltungsbldcken se-
lektiv an einem Abschaltmodus teilnehmen soll,
und ein erstes Leistungsreduktionssignal (PC-
A) spezifiziert, dass der erste Satz von Schal-
tungsblécken im Abschaltmodus sein soll, wo-
beidas erste Leistungsreduktionssignal den Ab-
schaltmodus auslost; und

einen zweiten Satz von Schaltungsblécken
(130), wobei ein bestimmter des zweiten Satzes
von Schaltungsblécken deaktiviert wird, wenn
ein entsprechendes eines dritten Aktivierungs-
signals und eines vierten Aktivierungssignals
(316,410, 510, 605) anzeigt, dass der bestimm-
te des zweiten Satzes von Schaltungsblécken
selektiv an einem Abschaltmodus teilnehmen
soll, und ein zweites Leistungsreduktionssignal
(PC-C) spezifiziert, dass der zweite Satz von
Schaltungsbldcken im Abschaltmodus sein soll.

Schaltung nach Anspruch 9, wobei der erste Satz
von Schaltungsblécken eine erste Funktion ausfihrt,
und der zweite Satz von Schaltungsblécken eine
zweite Funktion ausfihrt.

Schaltung nach Anspruch 9, wobei der erste Satz
von Schaltungsblécken oder der zweite Satz von
Schaltungsbldcken jeweils aus der Gruppe beste-
hend aus einem Eingangs-/Ausgangsblock, einem
Produkttermpuffer und einem Teil einer Schaltung
mit programmierbarer Logik sind.

Schaltung nach Anspruch 9, wobei der bestimmte
des ersten Satzes von Schaltungsblécken eine
UND-Matrix (124) ist, und die UND-Matrix deaktiviert
wird, um Leistungsverbrauch zu reduzieren.

Schaltung nach Anspruch 9, wobei der bestimmte
des ersten Satzes von Schaltungsblécken eine Ma-
krozelle (126)ist, und die Makrozelle deaktiviert wird,
um Leistungsverbrauch zu reduzieren.

Schaltung nach Anspruch 9, wobei ein anderer des
ersten Satzes von Schaltungsblécken deaktiviert
wird, wenn das zweite Aktivierungssignal anzeigt,
dass der andere des ersten Satzes von Schaltungs-
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blocken am Abschaltmodus teilnehmen soll, und das
erste Leistungsreduktionssignal spezifiziert, dass
der erste Satz von Schaltungsblécken im Abschalt-
modus sein soll.

Schaltung nach Anspruch 9, wobei

der bestimmte des ersten Satzes von Blécken eine
UND-Matrix (124) ist, die einen Leseverstarker um-
fasst, und kein Stromfluss zu einem Eingang des
Leseverstarkers stattfindet, um die UND-Matrix zu
deaktivieren und Leistungsverbrauch zu reduzieren;
oder

der bestimmte des ersten Satzes von Schaltungs-
blécken eine Makrozelle (126) ist, die ein Register
umfasst, das deaktiviert wird, um die Makrozelle zu
deaktivieren und Leistungsverbrauch zu reduzieren.

Revendications

1.

Procédé de minimisation de consommation d’éner-
gie dans un dispositif, le procédé comprenant les
étapes ci-dessous consistant a :

fournir une pluralité de blocs de circuits (116,
130) présentant des circuits destinés a mettre
en oeuvre des fonctions logiques, dans lequel
chaque bloc de circuits consomme de I'énergie
dans un état statique ;

coupler 'une d’une pluralité de tensions de fonc-
tionnement (Vc_a, Vee.c) @ chaque bloc de cir-
cuits de la pluralité de blocs de circuits (116,
130) ;

permettre une réduction d’énergie consommeée
par un premier ensemble de blocs de circuits
(116) dans un mode de mise hors tension au
moyen d’un premier signal de réduction d’éner-
gie (PC-A) qui déclenche le mode de mise hors
tension et de premier et deuxiéme signaux d’ac-
tivation (316, 410, 510, 605) ; dans lequel un
bloc spécifique du premier ensemble de blocs
de circuits est désactivé si un signal correspon-
dant des premier et deuxiéme signaux d’activa-
tion indique que le bloc spécifique du premier
ensemble de blocs de circuits estdestiné a pren-
dre part de maniére sélective au mode de mise
hors tension, et le premier signal de réduction
d’énergie spécifie que le premier ensemble de
blocs de circuits doit étre dans le mode de mise
hors tension ; et

permettre une réduction d’énergie consommeée
par un second ensemble de blocs de circuits
(130) au moyen d’un deuxiéme signal de réduc-
tion d’énergie (PC-C) et de troisieme et quatrie-
me signaux d’activation (316, 410, 510, 605),
dans lequel un bloc spécifique du second en-
semble de blocs de circuits est désactivé si un
signal correspondant du troisiéme et quatrieme
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1"

signaux d’activation indique que le bloc spécifi-
que du second ensemble de blocs de circuits
est destiné a prendre part de maniére sélective
au mode de mise hors tension, et le deuxiéme
signal de réduction d’énergie spécifie que le se-
cond ensemble de blocs de circuits doit étre
dans le mode de mise hors tension.

Procédé selon larevendication 1, dans lequel I'étape
consistant a permettre une réduction d’énergie con-
sommeée par un premier ensemble de blocs de cir-
cuits et un second ensemble de blocs de circuits
consiste a permettre une réduction d’énergie con-
sommeée dans le premier ensemble de blocs de cir-
cuits comprenant des blocs de circuits présentant
une premiére fonction et dans le second ensemble
de blocs de circuits comprenant des blocs de circuits
présentant une seconde fonction.

Procédé selon larevendication 1, dans lequel I'étape
consistant a permettre une réduction d’énergie con-
sommeée par un premier ensemble de blocs de cir-
cuits ou un second ensemble de blocs de circuits
consiste a permettre une réduction d’énergie con-
sommeée par un ensemble de blocs de circuits, cha-
cun a partir du groupe comportant un bloc d’en-
trée/sortie, une mémoire tampon de termes de pro-
duits, et une partie d’un circuit présentant une logi-
que programmable.

Procédé selon larevendication 1, dans lequel I'étape
consistant a permettre une réduction d’énergie con-
sommeée par un premier ensemble de blocs de cir-
cuits ou un second ensemble de blocs de circuits
consiste a désactiver desréseaux ET logiques (124).

Procédé selon larevendication 1, dans lequel I'étape
consistant a permettre une réduction d’énergie con-
sommeée par un premier ensemble de blocs de cir-
cuits ou un second ensemble de blocs de circuits
consiste a désactiver une sortie de macrocellules
(126).

Procédé selon larevendication 1, dans lequel I'étape
consistant a permettre une réduction d’énergie con-
sommeée par un premier ensemble de blocs de cir-
cuits ou un second ensemble de blocs de circuits
consiste a désactiverdes blocs d’entrée/sortie (128).

Procédé selon larevendication 1, dans lequel I'étape
consistant a permettre une réduction d’énergie con-
sommeée par un premier ensemble de blocs de cir-
cuits consiste a :

désactiver un autre bloc du premier ensemble
de blocs de circuits si le deuxiéme signal d’ac-
tivation indique que l'autre bloc du premier en-
semble de blocs de circuits est destiné a prendre
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part au mode de mise hors tension, et le premier
signal de réduction d’énergie spécifie que le pre-
mier ensemble de blocs de circuits doit étre dans
le mode de mise hors tension.

Procédé selon larevendication 1, danslequel I'étape
consistant a permettre une réduction d’énergie con-
sommeée par un premier ensemble de blocs de cir-
cuits comprend les étapes ci-dessous consistant a :

empécher un flux de courant au niveau d’'une
entrée d’'un amplificateur de détection du bloc
spécifique du premier ensemble de blocs de cir-
cuits, dans lequel le bloc spécifique du premier
ensemble de blocs de circuits est un réseau ET
(124) ; ou

désactiver un registre du bloc spécifique du pre-
mier ensemble de blocs de circuits, dans lequel
le bloc spécifique du premier ensemble de blocs
de circuits est une macrocellule (126).

9. Circuit destiné a minimiser une consommation

d’énergie dans un dispositif, le circuit comprenant :

une pluralité de blocs de circuits (116, 130) pré-
sentant des circuits destinés a mettre en oeuvre
des fonctions logiques, dans lequel chaque bloc
de circuits consomme de I'énergie dans un état
statique ;

une pluralité de tensions de fonctionnement
(Vee-a Vecoo), chaque tension de la pluralité de
tensions de fonctionnement étant couplée a un
bloc correspondant de la pluralité de blocs de
circuits ;

un premier ensemble de blocs de circuits (116),
dans lequel un bloc spécifique du premier en-
semble de blocs de circuits est désactivé si un
signal correspondant d’'un premier signal d’ac-
tivation et d’'un deuxieme signal d’activation
(316, 410, 510, 605) indique que le bloc spéci-
figue du premier ensemble de blocs de circuits
est destiné a prendre part de maniére sélective
a un mode de mise hors tension et un premier
signal de réduction d’énergie (PC-A) spécifie
que le premier ensemble de blocs de circuits
doit étre dans le mode de mise hors tension,
dans lequel le premier signal de réduction
d’énergie déclenche le mode de mise hors
tension ; et

un second ensemble de blocs de circuits (130),
dans lequel un bloc spécifique du second en-
semble de blocs de circuits est désactivé si un
signal correspondant d’un troisiéeme signal d’ac-
tivation et d’'un quatrieme signal d’activation
(316, 410, 510, 605) indique que le bloc spéci-
figue du second ensemble de blocs de circuits
est destiné a prendre part de maniére sélective
au mode de mise hors tension, et un deuxiéme
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signal de réduction d’énergie (PC-C) spécifie
que le second ensemble de blocs de circuits doit
étre dans le mode de mise hors tension.

Circuit selon la revendication 9, dans lequel le pre-
mier ensemble de blocs de circuits met en oeuvre
une premiére fonction et le second ensemble de
blocs de circuits met en oeuvre une seconde fonc-
tion.

Circuit selon la revendication 9, dans lequel le pre-
mier ensemble de blocs de circuits et/ou le second
ensemble de blocs de circuits sont chacun sélection-
nés a partir du groupe comportant un bloc d’en-
trée/sortie, une mémoire tampon de termes de pro-
duits, et une partie d’un circuit comportant une logi-
que programmable.

Circuit selon la revendication 9, dans lequel le bloc
spécifique du premier ensemble de blocs de circuits
estunréseau ET (124), etleréseau ET est désactivé
afin de réduire la consommation d’énergie.

Circuit selon la revendication 9, dans lequel le bloc
spécifique du premier ensemble de blocs de circuits
est une macrocellule (126), et la macrocellule est
désactivée en vue de réduire la consommation
d’énergie.

Circuit selon la revendication 9, dans lequel un autre
bloc du premier ensemble de blocs de circuits est
désactive si le deuxieme signal d’activation indique
que l'autre bloc du premier ensemble de blocs de
circuits est destiné a prendre part au mode de mise
hors tension, etle premier signal de réduction d’éner-
gie spécifie que le premier ensemble de blocs de
circuits doit étre dans le mode de mise hors tension.

Circuit selon la revendication 9, dans lequel

le bloc spécifique du premier ensemble de blocs de
circuits est un réseau ET (124) qui inclut un amplifi-
cateur de détection, et dans lequel aucun flux de
courantne se produitau niveau d’'une entrée de 'am-
plificateur de détection afin de désactiver le réseau
ET, et de réduire la consommation d’énergie ; ou
le bloc spécifique du premier ensemble de blocs de
circuits est une macrocellule (126) qui inclut un re-
gistre qui est désactivé afin de désactiver la macro-
cellule et de réduire la consommation d’énergie.
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R PROVIDE A PLURALITY OF CIRCUIT BLOCKS HAVING
CIRCUITS FOR PERFORMING LOGIC FUNCTIONS,
WHEREIN EACH CIRCUIT BLOCK CONSUMES POWER
IN A STATIC STATE
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